(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date (10) International Publication Number 

6 June 2002 (06,06.2002) pCT WO 02/44348 A2 



(51) iDtemational Patent ClassificatioD^: C12N 7/02 

(21) International Application Number: PCI AJSO 1/44684 

(22) lateraatioaal Filing Date: 

28 November 2001 (28.1 1.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/253.823 29 November 2000 (29. 1 1 .2000) US 

(71) Applicant: SCHERING CORPORATION [US/US]; 
Patent Department - K-6-I 1990, 2000 Galloping Hill 
Road. Kenilworth, NJ 07033-0530 (US). 

(72) Inventors: CANNON-CARLSON, Susan, V.; 6 Shady 
Terrace, Wayne, NJ 07470 (US). CUTLER, Collette, 
M.; 104 Natalie Court, Bloomingdale. NJ 07403 (US). 
VELLEKAMP, Gary, J.; 10 Clinton Road, Glen Ridge, 
NJ 07028 (US). VOLOCH, Marcio,; 600 Colombus 
Avenue, Apartment 7R, New York, NY 10024 (US). 



^= (74) Agent: GROCHALA, Richard, J.; Sobering - Plough 
=s Corporation, Patent DepaTtment-K-6- 1 1 990, 2000 Gallop- 
= ing Hill Road, Kenilworth, NJ 07033 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA. BB, BG, BR, BY, BZ. CA, CH, CN, CO, CR, CZ, 
DE, DK, DM. DZ, EC, EE, ES, H, GB, GD, GE. HR, HU, 
ID. IL, IN, IS. JP, KG, KR. KZ, LC, LK. LR. LT, LU, LV, 

MA, MD, MG, MK, MN, MX, MZ, NO, NZ, PH, PL, PT, 
RO, RU, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UZ. 
VN. YU, ZA. ZM. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS, MW, MZ, SD, SL. SZ. TZ, UG, ZM, ZW). 
Eurasian patent (AM, AZ, BY, KG. KZ, MD, RU, TJ. TM), 
European patent (AT, BE, CH, CY, DE, DK. ES, FI, FR, 
GB, GR, TE, IT, LU, MC, NI., PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG. CI, CM, GA, GN, GQ, GW, ML. MR. 
NE. SN. TD, TG). 

Declaration under Rule 4.17: 

— as to the applicant *s entitlement to claim the priority of the 
earlier application (Rule 4,l7(iii)) for all designations 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 
00 

(57) Abstract: Methods for purifying adenoviruses from a contaniinated sample using a hydroxyapatite medium are provided. 
^ Sodium chloride concentrations present in buffers used throughout the method are at least 150 mM to prevent the adenovirus from 

irreversibly binding to the hydroxyapatite. Levels of contaminants and empty adenovirus capsids from samples purified by conven- 
^ tional purification techniques are further reduced to provide a highly pure adenovirus preparation. 
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np INIVFNTION 

This invention relates to methods for purifying adenovlmses from 
contaminated sample using a hydroxyapatite ohn,ma.ographio med,um. 

^^^'^^^^^ttiii^-y oene therapy ap^icatlons as a vector to 
<,ei-„er the therapeutic gene. The «-iUvatlon and pu,lflca«on of 
containing met^o genes, su^ as tun»r ^^^'^^'^^^ 
.sponse module., have hecome increasingly ^-^-^ ™ ^.^s of 

development As studies of gene therapy pn^gress to dinKal tnals, large q 

vectors are needed to deliver the therapeutic ge,» In ueatment. The 
purified Viral vectors are 1 1« ^ fr=,niiP ^ructure of adenoviruses 

5 retet^ely large diameter (appro^ately 80 „m) and ^^^^^ " ^ 
malce their pu,fflca«on ohaltenglng using t^'l^^^^^^^ns. 
density centrifugation and gel filtration chromatography, whK*. have scale i™^ , 
Zllg Jo p-otoo-s for purifying live adenoviruses are known, e.g.. see U.S. 

p , Trr837 520 however, small amounts of contaminaUng proteins and 
Patent No. 5.837,65»^1™' , ^.^^ ^^^^ ^ 

10 incomplete v,ms partKles, <*er preteln 

these protocols. This Is a significant problem since empiy >. v 
uiese proiuiAjia ThPi«.fore It would be advantageous to 

r:=;:r:z=s:::::^^^^^ 

s:^„rt. redulg lev.s of Incomplete vims par«.es. ^'^^^^^^^T 
,5 vlut sacrifice to virus yield wou« be .«nef«al In large-s^le adenovirus 

there IS a need In the ari for ln,>reved purificat^n me*ods for 
adenovlmses that can resolve live v.us fron, incomplete virel ^^^^^^ 
con^mlnasng proteins In «,e vital preparation. The present invenUon addresses 

30 and other needs in the art. 
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SUMMARY OF THE INVENTION 

This invention provides a method for purifying biologically active adenoviruses 
from a contaminated sample using a hydroxyapatite medium under conditions which 
permit the adenovirus to reversibly bind to the hydroxyapatite while contaminants are 

5 passed. The present purification method greatly reduces the level of contaminants 
and empty adenoviais capsids from adenovims samples first purified by conventional 
purification methods. The concentration of sodium chloride present in buffers used 
throughout the method is at least 1 50 mM to prevent the adenovirus from irreversibly 
binding to the hydroxyapatite. Lower sodium chloride concentrations can cause 

10 adenovirus to irreversibly bind to the hydroxyapatite. 

It is an advantage of a method of the invention that empty capsids, i.e., 
incomplete viral particles, which are not infectious and thus not useful for gene therapy 
or other applications, are separated from intact viruses. Thus, a highly purified and 
resolved, infectious adenovirus sample is provided. 

15 Thus, a method for purifying biologically active adenovirus from a contaminated 

sample pool is provided, which includes the steps of contacting the sample pool with a 
hydroxyapatite chromatographic medium to reversibly bind the biologically active 
adenovirus to the hydroxyapatite, followed by eluting the bound biologically active 
adenovirus from the hydroxyapatite. 

20 In a specific embodiment, the sample pool used in a method of the invention 

contains a buffered solution including about 50 mM sodium phosphate pH about 7.5, 
about 400 mM sodium chloride, about 2% sucrose, about 2 mM MgCl2, and about 
10% glycerol. 



25 DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, there may be employed molecular 
biology, microbiology, or recombinant DNA techniques within the ordinary skill of the 
art to prepare, grow and cultivate viruses used in a method of the invention. Such 
techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch & 

30 Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition (1989), Cold 
Spring Harbor Laboratory Press. Cold Spring Harbor, New York; DNA Cloning: A 
Practical Approach, Volumes I and II (D.N. Glover ed, 1985); Oligonucleotide 
Synthesis [M.J. Gait ed. (1984)]; Nucleic Acid Hybridization [B.D. Hames & SJ. 
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Higgins eds. (1985)]; Transcription And Translation [B.D. Hames & S.J. Higgins, eds. 
(1984)1; Animal Cell Culture [R.l. Freshney. ed. (1986)1; Immobilized Cells And 
Enzymes [IRL Press. (1986)1; A Practical Guide To Molecular Cloning [B. Perbal 
(1984)1; Current Protocols in Molecular Biology. John Wiley & Sons, Inc.. P.M. 
Ausubel et al.. eds.. 1994; Virology: A laboratory manual. Academic Press. New York. 

(Burleson, ed.. 1992). 

This invention provides a method for purifying biologically active adenoviruses 

from incomplete virions and various viral and non-viral protein contaminants in a 
sample using a hydroxyapatite medium. 

The term "contaminant" means an undesirable impurity in a sample containing 
adenovirus, e.g.. an empty capsid (which is an immature viral particle lacking viral 
DNA and containing precursors to mature viral proteins such as pVlll. and is not 
capable of adhering to or penetrating a suitable cell), a nucleic acid molecule, a free 
viral protein (e.g.. viral proteins III or hexon). a non-viral protein (e.g.. host or media 
derived proteins such as BSA. which is a common cell culture component in 
mammalian systems). An advantage of the present purification method is that the 
hydroxyapatite medium used under salt and buffer conditions In accordance with the 
invention reduces the level of incomplete vims particles in the adenovirus sample. 

The term "purifying", and grammatical variations thereof, when used in 
reference to a method of the present invention, means at least a 50% reduction of 
total contaminants, in particular, free viral and non-viral proteins, in an adenovirus 
sample, as quantltated by silver stain SDS gel chromatography, over an adenovirus 
sample that is purified using a conventional purification method {i.e., a purification 
method known in the art other than the use of hydroxyapatite, e.g.. DEAE 
chromatography) before a purification step of the present invention. Preferably the 
reduction In total contaminants is at least 80%. Most preferably the reduction in total 
contaminants is 90% or better. The reduction in empty capsids is at least 50%. 
preferably 75%. more preferably 80%. and most preferably 85% or better, as 
quantltated using reverse phase HPLC by measuring a viral protein precursor to 
adenovirus protein Vlll ("pVlll") [see Galibert et al., Gene 6: 1 (1979) and Herisse et 
al.. Nucl. Acids Res. 8: 2173 (1 980)1. which is not found in mature. Infectkjus 
adenovimses. It is noted that a method of the present invention that is scaled up for 
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commercial production may result in slightly lower percent reductions, preferably not 
more than 5 to 10% lower reductions. 

Any adenovinjs can be purified by the present invention, whether it is a wild 
type, mutant, or recombinant. Type 2 and type 5 adenoviral vectors are preferred. 
5 Adenoviruses can be prepared and cultivated according to methods known in the art, 
e.g.. see Wills et aL. Hum. Gene Then 5: 1079-1088 (1994), Hughye et al.. Hum. 
Gene Ther. 6: 1403-1416 (1995), and laboratory manuals as described, supra. 

Adenovinjses purified by the present method are "infectious", which means 
they comprise a multi-subunit capsid that encapsulates a nucleic acid molecule and 
10 can interact with a receptor on a suitable cell to result in a transfer of the nucleic acid 
from the adenovirus into the cell. 

An "empty capsid" is an incomplete virus particle that is not infectious, e.g., a 
virus particle that has a capsid. but lacks a nucleic acid molecule. 

An adenovirus used in this invention is preferably replication deficient such that 
15 the virus cannot reproduce after it infects a cell. These viruses are well-known in the 
art. 

An adenovirus can include a heterologous nucleic acid sequence e.g., a 
therapeutic gene, that can be transferred from the viral vector to a host cell for use in 
gene therapy. A "therapeutic gene" is a DNA sequence that encodes a particular 

20 sequence of amino acids which comprise all or part of one or more proteins and that 
has a desired therapeutic effect. The therapeutic gene may or may not include 
regulatory DNA sequences, such as promoter sequences, which detennine, for 
example, the conditions under which the gene is expressed. Preferably, a therapeutic 
gene replaces an absent or mutated gene that causes an increase in pathological cell 

25 growth or proliferation of cells. Once in a host cell, a therapeutic gene can exhibit a 
corresponding therapeutic effect by, e.g., remaining extrachromosomal such that the 
gene is expressed by the cell from the extrachromosomal location, or incorporating 
into the host cell genome in a recombination event with the endogenous gene. 
Methods for introducing heterologous nucleic acid sequences into a viral vector are 

30 well known in the art. 

Examples of therapeutic genes include tumor-suppressor genes, e.g., Rb and 
mutants thereof, p53 and mutants thereof, p21 and mutants thereof. DCC, NF-1 . 
Wilm's tumor. NM 23, BRCA-1. BRCA-2. BRUSH-1. p56, H-NUC. thyroid honnone 
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receptor gene, retenoic acid receptor gene, genes encoding p130, p107. and p85. 
Other gene replacement or supplementation strategies include adenosine deaminase 
(ADA), thymidine kinase (TK), genes encoding various cytokines, e.g., y-interferon, a- 
interferon. IL-2, IL-10 and hormones. A therapeutic gene also includes DNA encoding 
a ribozyme. i.e., a DNA construct that encodes an RNA enzyme which binds and 
destroys the RNA of selected positively-acting growth regulatory genes, such as 
oncogenes or proto-oncogenes including, but not limited to: c-myc, c-fos. c-jun, c-myb, 
c-ras, KC and JE; and growth factor receptor genes including but not limited to: 
epidermal growth factor, platelet derived growth factor, transfenin and insulin. Most 
preferably the therapeutic gene is a tumor suppressor gene, e.g., Rb, p53, BRUSH-1 , 
p56, BRCA-1 , BRCA-2, p16 or p21, or a mutant gene thereof. In a specific 
embodiment, the adenoviral vector harbors the p53 gene {e.g., the adenoviral vector is 

ACN53). 

Surprisingly, it has been discovered that adenoviois is efficiently purified from 
empty capsids and contaminants using a hydroxyapatite medium provided the 
minimum concentration of sodium chloride is at least 150 mM in buffered solutions 
used throughout the method. The minimum sodium chloride concentration prevents 
the virus from irreversibly binding to the hydroxyapatite medium. More preferably, 
buffered solutions used in this invention contain from about 350 to 450 mM sodium 
chloride. It is noted that concentrations of 500 mM or greater sodium chloride can 
cause the vims to become unstable, and preferably are not used in a method of the 
invention. One skilled in the art can substitute other salts for sodium chloride, if 
desired, at suitable concentrations (having similar conductivity), including monovalent 
ionic and cationic salts, e.g., KCI or NH4CI, or divalent anionic and cationic salts, e.g., 

Na2S04 or (NH4)2S04. 

A "buffered solution" is an aqueous solution which contains sodium chloride 
and a suitable buffer to maintain the pH of the solution between about 6.8 to 9.0, 
preferably between about pH 7.0 to 8.0, most preferably between about pH 7.4 to 7.6. 
In a specific embodiment of the invention, the pH is 7.5. Buffers having a pKa within 
the desired pH range are preferred. A buffered solution does not cause an adenovirus 
to in-eversibly bind to a hydroxyapatite medium. Buffered solutions are used, e.g., in a 
sample pool containing the adenoviais, to equilibrate and wash (equilibration and 
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wash buffers) the hydroxyapatite medium, and to elute (elution buffers) the adenovirus 
bound to the hydroxyapatite. 

Examples of buffers that can be used in the invention include phosphate, MES, 
HEPES. MOPS, Borate, TRIS. BES. ADA. ACES, PIPES, MOPSO. BIS-TRIS 
5 PROPANE. BES. TES, DIPSO, TAPSO. TRIZMA, HEPPSO. POPSO, TEA. EPPS. 

TRICINE, GLYCYLGLYCINE. BICINE. TAPS, and the like. Phosphate buffer in a 

•I 

concentration of about 25 to 100 mM. more preferably about 50 mM is prefenred. 

Buffered solutions used in this invention can also be formulated with a 
stabilizing or tonicity-adjusting agent, e.g., polyhydroxy hydrocarbons such as glycerol, 

10 disacharrides such as sucrose, divalent metal salt stabilizers such as magnesium, zinc 
and calcium salt, and monovalent metal salt stabilizers such as potassium, sodium, 
lithium and cesium salts. These additional agents are particularly useful when the 
sodium chloride concentration in the sample pool is greater than 350 mM. 

Formulations of aqueous buffered solutions that can be used in a method of 

IS this invention are described in International Patent Publication No. WO 99/41416. 
which is incorporated herein by reference in its entirety. For example, depending on 
the virus concentration, a buffer used in the invention can contain less than 1% 
glycerol to about 20% glycerol and/or less than 1% to about 5% sucrose. At 1 x 10^^ 
or less virus particles per ml, the concentrations of glycerol and sucrose can be about 

20 5 to 1 0% and about 0.5 to 2 % respectively. 

A "sample pool" is a buffered solution that contains adenovirus and a 
contaminant, which may have been prepared from a conventional purification method, 
from which the further purification of the adenovirus is desired. Preferably, a sample 
pool is formulated with additional stabilizing or tonicity-adjusting agents, as described 

25 above. In one embodiment a sample pool contains about 50 mM NaP04 (pH 7.5), 400 
mM NaCI and 10% glycerol. 

A sample pool typically contains a concentration range of adenovirus from 
about 1 X 10® to about 1x10^^ per ml. Preferably, the sample pool is formulated with 
one or more stabilizing agents, such as glycerol and sucrose, as described above, 

30 particularly when higher concentrations of virus are used. 

A sample pool can be prepared from a cell lysate. For example, cells such as 
293 cells, infected with adenovims are removed from the growth environment and 
their cell membranes disrupted, e.g.. by physiological or chemical means, according to 

i 
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methods well known in the art (see Wills et al., supra and Hughye et al.. supra). The 
cell lysate containing the adenovirus is preferably first subjected to one or more 
conventional chromatography methods to provide a virus sample pool, which is further 
purified according to a method of the invention. For example, a cell lysate containing 
5 adenovirus can be processed to enzymatically degrade DNA and RNA followed by a 
conventional purification method, including anion-exchange chromatography, gel 
filtration {slze-exdusion) chromatography, hydrophobic interaction chromatography or 
immobilized metal aflinity chromatograpy. Combinations of these methods can be 
used if desired, e.g.. see U.S. Patent No. 5.837,520. which is incorporated herein by 
10 reference in its entirety. Preferably, the conventional method used is an anion- 
exchange chromatography. 

The conventional chromatography methods remove most of the cellular debris 
and some of the unassembled viral proteins and non-viral protein contaminants, 
however, a variety of contaminants, e.g.. BSA. viral proteins such as free hexon. and 
15 incomplete virions lacking viral DNA (empty capsids). may remain in the samples. 
Surprisingly, these contaminants are efficiently removed by a purification method 
using hydroxyapatite. which improves the purity, resolution and quality of adenovims 
in the sample compared with the conventional viral purification methods. 

The hydroxyapatite medium used in a method of the invention can be prepared 
20 as a chromatographic column according to conventional methods well known in the 
art. For example, an HA column can be prepared for traditional (gravity) column 
chromatography, fast performance chromatography or high pressure liquid 
chromatography using radial or axial flow fluidized bed columns, as desired. 

The hydroxyapatite medium is preferably washed and equilibrated using a 
25 buffered aqueous solution, as described supra, before purifying the adenovirus 

according to this invention, in a specific embodiment, an equilibration buffer used to 
equilibrate the hydroxyapatite contains about 50 mM NaP04 (pH 7.5), 400 mM NaCI. 
2% sucrose. 10% glycerol and 2 mM MgCla- The column can be equilibrated until the 
eluent reaches the pH and conductivity of the buffer, typically about five to ten bed 
30 volumes. 

After the hydroxyapatite is washed, the sample pool is contacted with the 
hydroxyapatite media to pemiit the adenovirus to reversibly bind to the hydroxyapatite 
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and the contaminants to pass through the media, thus separating the contaminants 
from the virus. 

The hydroxyapatite column, which contains the bound adenovirus, is washed 
with a wash buffer, which can be the same buffer used to equilibrate (equilibration 

5 buffer) the hydroxyapatite. After washing the adenovinjs-bound hydroxyapatite 

column, the adenovirus can be eluted from the hydroxyapatite using a gradient elution 
or step elution to phosphate in equilibration buffer (elution buffer), if gradient elution is 
desired, the adenovirus can be eluted using, e.g., about a 5 to 30 bed volume gradient 
to, e.g., 200 mM sodium phosphate in equilibration buffer. Preferably, a 10 bed 

10 volume gradient is used. If step elution is desired, the elution buffer can be 
equilibration buffer containing preferably about 150 to 250 mM phosphate. 

The present method is performed in a temperature range from about 5 to 30X, 
more preferably from about 15 to 27°C. Most preferably the method is performed at 
room temperature, e.g., about 20 to 27°C. It is noted that at less than about 15°C, the 

IS virus may begin to irreversibly bind to the column depending on the salt conditions and 
presence of stabilizing agents. One having ordinary skill in the art can optimize 
conditions in accordance with the invention as desired. 

The non-viral proteins and high molecular weight contaminants elute in the 
spent charge and wash of the column. The empty capsids bind more tightly to 

20 hydroxyapatite than the biologically active virus, and thus empty capsids do not elute 
from the hydroxyapatite with the biologically active virus. The fractions off the column 
can be analyzed by UV absorbance, Resource Q analytical HPLC and rp-HPLC, and 
used to make a single pool of purified biologically active adenoviais. 
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FXAMPLE 

This Example demonstrates a purification method of the present invention 
using hydroxyapatite in comparison with a conventional virus purification method. 
5 Adenovinises containing the p53 gene (ACN53). cultivated from mammalian 

293 cells were captured from cell lysates using a conventional DEAE anion-exchange 
chromatography method. The sample pool from the DEAE contained a 31 kDa protein 
(pVlll). which corresponds to a precursor of adenoviral protein VIII (hexon associated 
protein). 

10 The DEAE pool was prepared as a sample pool for use in a purification method 

of the invention by buffering to 50 mM NaP04 (pH 7.5). 400 mM NaCI. and 5 to 10% 
glycerol. Hydroxyapatite columns (0.5 x 10 cm. 0.5 x 20 cm. and 1.6 x 15 cm), 
equilibrated into 50 mM NaPO^ (pH 7.5). 400 mM NaCI. 2% sucrose and 2 mM MgCla. 
were prepared by packing. The buffered DEAE pool was applied to the 
15 hydroxyapatite column, washed with equilibration buffer as described, and the 

adenovirus eluted using a gradient elution to 600 mM phosphate in equilibration buffer 
or by step elution with 250 mM phosphate in equilibration buffer. 

Reverse-phase HPLC and size-exclusion HPLC showed that in the 
hydroxyapatite eluate compared with the DEAE pool there was a significant reduction 
20 in incomplete vims particles and free viral proteins, e.g.. at least 75% reductions in 
pVIII. reduction of free penton to undetectable levels and 40% reduction in free hexon. 

' Densitometric analyses of silver stained SDS-PAGE demonstrated that 
hydroxyapatite also efficiently removed total non-viral protein contaminants, i.e., an 80 
to 90% reduction of proteins which are resolved from intact virions in CsCI gradients 
25 (e.g.. 70 to 85% reductions in BSA). and high molecular weight complex proteins, i.e., 
a 25% reduction of unidentified proteins cosedimenting with the virus in CsCI 
gradients. In experiments where BSA was spiked Into the feed to the column, the 
BSA passed through the column without binding to the hydroxyapatite under the buffer 
conditions described, demonstrating that the hydroxyapatite chromatography 

30 efficiently resolves BSA from the sample. 

Polymerase chain reaction analyses of nucleic acids present in the eluate 
showed an 8-fold reduction in short fragments and a 100-fold reduction in medium 
fragments. 
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Thus, use of hydroxyapatite chromatography under the buffer and salt 
conditions described to purify adenovirus samples provides an adenovims sample 
having great resolution for use in gene therapy or other virus applications requiring 
high purity. 

***** 

The present invention has been described herein with reference to certain 
prefenred embodiments and an example. Since obvious variations will appear to those 
skilled in the art, the invention is not to be considered limited thereto, but only by the 
claims which follow. 



■ 
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\A/MAT IR C.I.A'MED IS: 



1. 



method for purifying adenovirus from contaminants in a sample pool, 



comprising: 

5 contacting the sample pool with a hydroxyapatite chromatographic medium to 

reversibly bind the adenovirus to the hydroxyapatite; and 
eluting the bound adenovims from the hydroxyapatite. 

2. The metiiod of claim 1 , wherein the sample pool comprises sodium chloride in 
10 a concentration of from about 1 50 to 500 mM. 

3 The method of claim 1 . wherein the hydroxyapatite chromatographic medium is 
equilibrated with a buffer comprising sodium chloride at a concentration of from about 
1 50 to 500 mM before the step of contacting the sample pool with the hydroxyapatite. 

15 ^. 

4 The method of claim 1 . further comprising the step of washing the 

hydroxyapatite wrth a buffer comprising sodium chloride in a concentration of 150 to 
500 mM. wherein the hydroxyapatite comprises an adenovirus bound thereto. 

20 5 The method of claim 1 . wherein the adenovirus is eluted using a buffer 
comprising sodium chloride in a concentration from about 150 mM to 500 mM. 

6. The method of claim 1 wherein the sodium chloride concentration in a buffer 
used in the method is from about 350 mM to 450 mM. 



25 



7. The method of claim 1 . wherein the sample pool is prepared from an eluate of a 
conventional chromatography medium. 
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8. The method of claim 7 wherein the conventional chromatography medium is: 
an anion exchange resin; 

an immobilized metal ion affinity resin; 

a size exclusion chromatography resin; or 

a medium used in hydrophobic interaction chromatography. 

9. The method of claim 1 , wherein the eluting step is a gradient elution to 600 mM 
phosphate. 

10. The method of claim 1 , wherein the eluting step is a step elution with 250 mM 
phosphate. 

1 1 . The method of claim 1 , wherein a buffer used in the method comprises glycerol 
or sucrose. 

12. The method of claim 1 , wherein the concentration of adenovirus in the sample 
pool is equal to or less than 1x10^^ particles per ml. 

13. The method of claim 1 , wherein the adenovinjs comprises a therapeutic gene. 

14. The method of claim 1 , wherein the adenovirus is ACN53. 

15. The method of claim 1 , wherein the adenovirus comprises a nucleic acid 
sequence from the p53 gene or from the p21 gene. 

16. A method of claim 1, which reduces the concentration of a contaminant in the 
sample pool by at least 80%. 

17. A method of claim 1 , which reduces the concentration of empty capsids by at 
least 75%. 

18. A method of claim 1 . which reduces the concentration of BSA by at least 70%. 
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19. A method for purifyiog adenovirus from cor,tamir,ants in sample pool. 

tLing Uie sampie poo> w«h a Mroxyapa«.e ohron^tograpK. medium .o 
reversibly bind the adenovirus to the hydroxyapatite; 

wishing the adenoviru^und hyd«,xyapatite with a buffered solut,on, and 
elulinfl the bound adenovinis from the hydroxyapatite, 
whe^in me sample po^ is a buff.^ soWon comphsing about 50 mM sodium 
phosphate pH about 7.6. about 400 mM sodium chloride, about 2% suaose, a^^ 2 
mM Mg%, and about 10% glycerol, and the concen*a.»n of total contaminants ,s 
10 reduced by at least 80%. 



